Protein kinase C is a key molecule in neutrophil signal transduction after receptor stimulation by soluble bioactive molecules. It has been reported that neutrophils from most patients with localized juvenile periodontitis (LP) do not have a normal response after stimulation with a chemotactic ligand such as N-formylmethionylleucylphenylalanine (FMLP). To further clarify the mechanism of this altered response and to confirm and expand earlier observations, the calcium-dependent protein kinase C activity of neutrophils from patients with UJP was evaluated. Peripheral blood neutrophils from 12 patients and 12 healthy subjects, age, sex, and race matched, were sonicated and subsequently subfractionated by ultracentrifugation into a soluble fraction (cytosol rich) and a particulate fraction (membrane rich). The calcium-dependent protein kinase C activity was evaluated in each fraction by phosphorylation of histone with radiolabeled ATP in the presence or in the absence of phorbol 12-myristate 13-acetate stimulation. Results revealed that the total calcium-dependent protein kinase C activity of neutrophils from patients with LJP and depressed chemotactic migration to FMLP (201.0 63.6 pmol/min/107 cells) was lower than that of neutrophils from healthy subjects (287.6 55.7 pmol/min/107 cells) (P < 0.01). The calcium-dependent protein kinase C activity in neutrophils from patients with LJP exhibited a positive correlation with chemotactic migration to FMLP (P < 0.05). The low activity of calcium-dependent protein kinase C in neutrophils from the patients reflected the low activity in the soluble fraction from the neutrophils. After stimulation with phorbol 12-myristate 13-acetate, the calcium-dependent protein kinase C activity was found to be lower from patients with LIP than from healthy subjects. These results suggest that lower calcium-dependent protein kinase C in neutrophils is a predisposing factor for LJP.
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Protein kinase C (PKC) is a key enzyme of signal transduction, related to receptor binding and cell activation. PKC activity in neutrophils has been reported to be functionally related to chemotaxis, lysosomal enzyme release, respiratory burst, and hexose transport (21) . Localized juvenile periodontitis (LJP), an early-onset periodontal disease, has unique clinical features, and chemotaxis of neutrophils from most patients with LJP is depressed (20, 29) . Low chemotaxis in patients with UJP has been associated with reduced chemotactic factor receptor density (30, 31) and reduced expression of a surface glycoprotein, GP110 (32, 33) . Investigation of the signal transduction pathways in neutrophils from patients with LJP has revealed lowered activity of diglyceride kinase and high intracellular levels of diacylglycerol (DAG), the natural stimulator for PKC (27) . The high DAG level might affect PKC activity in neutrophils from patients with LJP. Neutrophils treated with phorbol 12-myristate 13-acetate (PMA), a potent PKC stimulator, demonstrate low chemotaxis in vitro in most (13, 25) , but not all (35) , studies. Likewise, studies with inhibitors of PKC have produced contradictory results regarding neutrophil chemotaxis (8, 10, 16) . Hence, the role of PKC in the chemotaxis of neutrophils is still unclear. The investigation of PKC activity in neutrophils from patients with UP and depressed chemotaxis is relevant not only to the pathogenesis of UJP but also MATERIAIS AND METHODS Subjects. Patients with UJP were clinically and radiographically diagnosed on the basis of published criteria (29) . Age-, sex-, and race-matched, periodontally healthy subjects were selected from the staff of Eastman Dental Center.
Neutrophils. Peripheral blood neutrophils were separated by previously described methods (15) . Three milliliters of MonoPoly (Flow Laboratories, McLean, Va.) and 1 ml of Histopaque 1077 (Sigma Chemical Co., St. Louis, Mo.) were layered in 15-ml polystyrene culture tubes. Peripheral blood (4.5 ml) was layered on the separating medium, and the tubes were centrifuged at 500 x g for 30 min. The neutrophil fraction was collected, and contaminating erythrocytes were lysed with a hypotonic buffer. The cells were washed twice with phosphate-buffered saline without magnesium and calcium.
Chemotactic migration. The chemotactic migration assay as it is done in our laboratory has been described in detail elsewhere (32) . Briefly, neutrophils were suspended in an assay medium consisting of Gey's balanced salt solution supplemented with 2% bovine serum albumin (fatty acid free) at a concentration of 2.5 x 106 cells per ml. The cell suspension was placed in the upper compartment of a modified Boyden chamber separated by a 5-p.m-pore-size micropore filter. The lower compartment contained a 2 x 108 M solution of N-formylmethionylleucylphenylalanine (FMLP; Sigma). Chemotactic migration was evaluated by counting the number of neutrophils that accumulated on the distal surface of the filter after a 60-min incubation at 37'C. Ten high-power fields (x400) were counted for each of triplicate filters. Statistical differences between patients and controls were determined by analysis of variance. All assays were done on two or three occasions. The chemotactic migration of neutrophils from patients with LJP was expressed as a calculated percentage of the chemotactic migration of neutrophils from matched healthy subjects.
Subfractionation 100 ,000 x g for 60 min, and the supernatant was collected as the "soluble fraction" (cytosolrich fraction). The pellet was resuspended in the original volume of extraction buffer by ultrasonication at 15 W for 15 s, and incubated for 1 h at 4'C in the presence of 0.3% (final concentration) Triton X-100. The resulting suspension was used as the "particulate fraction" (membrane-rich fraction). The protein concentration of subfractionated samples was determined with the Bio-Rad Protein Assay (Bio-Rad Laboratories, Richmond, Calif.).
Calcium-dependent PKC assay. The calcium-dependent PKC assay was performed by a previously described method (12, 34) , with the following modifications. PKC activity was measured by the phosphorylation of histone with radiolabeled ATP ([_y-32P]ATP; ICN, Lisle, Ill.). A mixture of 25 mM Tris hydrochloride (pH 7.4), 10 mM MgCl2, 0.5 mM CaCl2, 0.2 mg of histone type III-S (Sigma) per ml, 2 ,ug of diolein (Sigma) per ml, and 50 ,ug of phosphatidylserine (Sigma) per ml was prepared. A 2,000-pmol amount of [y-2P]ATP was added to the 250-pdl ice-cold reaction mixture. The reaction was started by the addition of 20 pl of ice-cold samples diluted with the extraction buffer at 1:10, 1:20, 1:30, 1:40, and 1:60; this was followed by incubation at 37°C for 10 min, and the reaction was stopped by the addition of 2.5 ml of 25% trichloroacetic acid (Sigma). The precipitates were filtered on polycarbonate filters (Costar, Cambridge, Mass.), and the radioactivity retained was counted with a c liquid scintillation counter (LKB, Bromma, Sweden). The net Ca-dependent PKC activity was calculated after deduction of the counts obtained in the presence of 4 mM EGTA buffer and the absence of phosphatidylserine, diolein, and CaCl2. The net Ca-dependent PKC activ- I Chemotactic migration was assayed twice on patients 2 through 9, three times on patients 1, 10, and 11, and four times on patient 12. b Chemotaxis to FMLP (2 x 108 M).
C Depressed chemotactic migration (P < 0.05; analysis of variance).
ity and the diluted ratio of sample were plotted, and the net Ca-dependent PKC activity was determined.
RESULTS
Chemotactic migration to FMLP. Table 1 b Mann-Whitney U test: P < 0.05 when compared with LJP patients with normal chemotactic response; P < 0.01 when compared with healthy subjects. migration to FMLP was significantly lower than that in neutrophils from healthy subjects ( Table 2 ) (Mann-Whitney U test; P < 0.01) and from patients with LJP and normal chemotactic migration (Mann-Whitney U test; P < 0.05). The correlation between the Ca-dependent PKC activity and chemotactic migration to FMLP of neutrophils from UJP patients was then analyzed (Fig. 2) . The Ca-dependent PKC activity in neutrophils from patients with LJP was positively correlated with chemotactic migration to FMLP (r = 0.641; P < 0.05).
Distribution and translocation of Ca-dependent PKC activity. In unstimulated cells, neutrophils from patients with LJP and depressed chemotactic migration to FMLP showed less Ca-dependent PKC activity in the soluble fraction than neutrophils from healthy subjects (Table 3 ) (Mann-Whitney U test; P < 0.05). The translocation of activity of Cadependent PKC in neutrophils from six healthy subjects and three patients with LJP was measured after stimulation with 200 nM PMA for 10 min (Fig. 3) . Cells exposed to PMA from healthy subjects and patients with UJP and normal chemotactic migration exhibited an increase in particulate Cadependent PKC activity of 191.0 + 71.0 pmol/min/mg of protein in healthy subjects and 63.5 + 3.5 pmol/min/mg of protein in patients with LJP and normal chemotactic migration, but no increase was seen in cells from a patient with LJP and depressed chemotactic migration. Ca-dependent PKC activity in the particulate fraction of neutrophils from 1-'r. 
DISCUSSION
We report that neutrophils from patients with LJP have lower Ca-dependent PKC activity than neutrophils from healthy subjects. The decrease of Ca-dependent PKC activity in patients with UJP and depressed chemotactic migration was reflected in decreased activity in the cytosolic subcellular fraction but not in the membrane fraction. The decreased levels of Ca-dependent PKC activity correlated well with chemotactic migration to FMLP in each patient in the LJP population. Ca-dependent PKC activity seems to relate directly to neutrophil chemotactic migration, and our results are consistent with previous observations (10, 35) . With PMA stimulation, the Ca-dependent PKC activity in the particulate fraction was found to be lower in neutrophils from patients with LJP than in those from healthy subjects. These results suggest that the lower Ca-dependent PKC activity in neutrophils may be one of the predisposing factors for UP.
It has been reported that PKC has several isomeric forms, PKC-a, PKC-13, PKC-PII, and PKC--y (calcium-dependent PKC) (14) and nPKC (a calcium-independent PKC) (22).
PKC-1 and PKC-a are the dominant isozymes in neutrophils (18, 24, 36) . The cofactors for PKC-1, PKC-a, and nPKC and the proteins that are phosphorylated by each PKC are different. These differences suggest that responses to each stimulant could be regulated through a different PKC (3, 18, 24) . Whether the apparent decrease of Ca-dependent PKC activity in neutrophils from patients with UJP found in this study reflects a decrease of all isozymes or of a specific isozyme should be clarified. An immunoassay with monoclonal antibodies against PKC isozymes might be useful in resolving this issue. In this study, we examined only calcium-and phospholipid-dependent PKC activity. The activities of the calcium-and phospholipid-independent form, that is, proteolytically cleaved PKC, and nPKC have to be evaluated to confirm the relation between PKC activity and (2, 6, 34) and is proteolytically cleaved to its fully activated form by a proteinase (17, 19, 23) . Although PMA activates PKC by a mechanism different from that of FMLP, FMLP might regulate PKC indirectly through cellular calcium (9) . Our results suggest that Ca-dependent PKC in neutrophils from patients with LJP and that in healthy neutrophils might translocate differently. It is known that the increase in particulate PKC activity does not fully compensate for the loss in cytosolic activity (34) , even when calcium-and phospholipid-dependent and -independent activities are totaled (9). The discrepancy found in patients with LJP is bigger than that found in healthy subjects. Inhibition by endogenous PKC inhibitor, loss during the fractionation process, and a change in the substrate specificity of PKC are possible reasons for loss of activity (9) .
Depressed chemotactic migration is a risk factor strongly related to LJP (29, 31) ; however, there are patients with LJP and normal chemotactic migration (32) . Further, other dysfunctions in neutrophils from patients with LJP (28) have been reported. These dysfunctions might be related to abnormalities of the sensory or signal transduction mechanisms in neutrophils. It was reported previously that the depressed neutrophil chemotaxis to FMLP in LJP was corrected by treatment with isobutylmethylxanthine (IBMX) (5), which is a phosphodiesterase inhibitor that elevates the level of cyclic AMP (cAMP); cAMP is a major second messenger regulating certain responses of cells, including neutrophils. Harvath et al. (11) reported that isobutylmethylxanthine required forskolin, prostaglandin E1, and isoproterenol for inhibition of neutrophil chemotaxis to FMLP. It is not clear how cAMP relates to depressed chemotaxis in neutrophils from patients with LIP. Agarwal et al. demonstrated that intracellular Ca2+ increases in response to chemotactic factor do not occur in neutrophils from patients with LJP (1). Daniel et al. further revealed that the low level of intracellular Ca2+ seemed to be caused by a dysfunction of the influx of extracellular Ca2+ in neutrophils from the patients since the release of calcium from membrane stores was normal (4) . The relationship of cAMP to G-proteinmediated pathways in these cells remains unclear.
Tyagi et al. (27) reported that DAG, the endogenous activator of PKC, is chronically elevated in neutrophils from patients with LIP. This high level of DAG seems to be caused by reduced diglyceride kinase activity in neutrophils from LIP patients. Our study has revealed that Ca-dependent PKC activity is low in unstimulated neutrophils from patients with LJP. In the unstimulated neutrophil, Ca-depen- dent PKC was distributed mainly to the soluble fraction; however, Ca-dependent PKC activity in the soluble fraction of neutrophils from patients with LJP was lower than in neutrophils from healthy subjects. High DAG levels might induce chronic activation of Ca-dependent PKC, and the chronic activation might downregulate Ca-dependent PKC synthesis by an unknown feedback pathway; more likely, high DAG levels might counterbalance the low protein kinase activity because it has been reported that intracellular calcium, which affects PKC activity, in neutrophils from patients with LJP was low (1, 4) . Examination of expression of mRNA for PKC synthesis after cell stimulation will be required to analyze this hypothesis. PKC does not seem to be directly related to all functions of neutrophils. However, signal transduction pathways do not work independently of each other (26) . The independent phenomena observed in each pathway have to be integrated to clarify the mechanisms of dysfunction of neutrophils from patients with LJP.
